The objective of the research is to determine the quantitative influence of building
Introduction
The World's energy demand is increasing progressively with the request to fulfil growing energy needs. Enormous energy consumption is even more serious due to lack of natural resources and expressive ecological instability. The built environment evidently has the highest energy demand in the world, which is a contemporary problem of consideration. Therefore, the goal is finding an alternative solution in order to reduce the energy demand and losses. Building energy efficiency and performance topics were elaborated via investigations of existing office buildings and computational models respectively [1] . The current energy consumption in the building sector is approximated to 40% of the total energy consumption in the world. Therefore, the primary parameters that mostly affect the commercial buildings energy performance are heating and cooling requirements during the working hours [2] .
The Republic of Serbia is characterized by enormous inefficient energy consumption in the building sector. The major problem is the unadjusted building sector to energy efficient -------------- requirements and the high percentage of energy derivation from non-renewable sources. Problems considering energy efficiency in Serbia are elaborated systematically in order to analyze and explore the most suitable energy policy instruments for improvement. Gvozdenac et al. [3] elaborated the energy policy situation in Serbia and in the European Union [4, 5] , where authors determined that Serbia lags behind in the process of improving energy efficiency due to inadequate and slow institutional organization and application of state instruments in order to implement strategies. Authors, also refer to markets as complex systems of supply and demand referring to changeable interactions which should be directed towards efficiency, environmental benefits and social wellbeing.
Numerous researches investigated buildings energy performance in the non-residential sector [6] [7] [8] . The impact of building design on comfort and energy performance of offices was simulated and evaluated for different climates [9] . The paper presents a parametric study for a typical cellular office room with two different occupant scenarios in three different location and climate: moderate, hot, and humid climate. Thermal performance simulations can be conducted with various dynamic simulation engines, for example, in [10] TRNSYS simulation tool was applied for heating energy demand calculations for residential buildings in Belgrade.
Thermal mass impact on the energy demand has also been analyzed in the function of occupant comfort to investigate the reduction of the energy requirements from mechanical systems [11] . Studies have been conducted for energy performance assessment in the early design stages since energy simulation was not integrated into the decision-making process [12] . Furthermore, methodologies for comparison of measurements and simulations were also elaborated in order to assess the energy performance [13] . Building envelope construction and window to wall ratio was considered previously in researches with various approaches, in the function of overall envelope U-value and ambient temperature amplitude [14] with the result of maximum glazing ratio determination for seven USA cities with different climatic conditions. The configuration of facade modules was also considered as integral part of envelope and total energy performance improvement [15] from the aspect of lighting and thermal simulation. This research was performed for horizontal rectangular windows for various window to wall ratios (WWR) from which it was concluded that the best results were in the range of 35% < WWR < 45%. The admission of numerous aspects interpretation plays a key role in energy performance assessment. A detailed energy simulation requires all phases of the project to be designed carefully and precisely, so the integrated parameters create an environment approximated to real conditions.
The investigation intended to find preferable answers for energy performance improvement of current inefficient office buildings in Serbia. The aim is to determine the heating and cooling energy demand in the function of building envelope properties (window to wall ratio, glazing type, GT, and exterior wall) in order to offer effective methods for energy performance improvement. The primary goal of the investigation was to monitor and analyse the heating and cooling energy performance of a 3430 m 2 B + Gf + 9 level reference office building on the territory of Novi Sad, Serbia. The secondary goal was to find possible interventions for energy performance improvement by increasing the quality of the building envelope and reduce the WWR.
Methodology and materials

Research methodology
Research methodology consists primarily of the analysis of the collected location and climate data from Meteonorm 7 [16] , reference building technical data and annual heating energy consumption [17] . The annual heating and cooling demand are explored through the next eight steps: (1) parametric modelling of the reference building via building information modeling (BIM) technology, (2) development of a simulation base multi-zone 3-D model with assigned internal loads, (3) designing the building envelope with improved WWR in the function of lighting dispersion analysis in radiance, (4) exporting the multi-zone 3-D model to open studio in order to implement an energy efficient envelope, assign material properties, thermal zone properties, and typical interior loads for offices, (5) implementing various glazing types (GT) with different properties (U-value and solar heat gain coefficient, SHGC) (6) model conversion to numerical data, (7) performing multiple simulations in EnergyPlus on annual basis using the Meteonorm 7 climate data (Novi Sad climate data) and calculating zone heating and cooling demands, and (8) evaluating the annual energy performance and determining the influence of glazing parameters.
Location and climate data
The location and climate data were imported from the global climatology database Meteonorm 7 [16] , since the climate data needs to be converted into EnergyPlus weather extension file, importable into EnergyPlus for dynamic energy simulation 
Energy expenses
The reference office-tower building is equipped with district heating system which receives hot water from the Novosadska toplana, power plant in Novi Sad. Heat in the winter period is released through radiators beneath the windows in all offices. However, the cooling procedure is manually operated since each office has a separate electric air-conditioning unit. Monthly heating energy expenses of the reference office-tower were collected from 2013, together with monthly air temperature values from the Republic Hydrometeorology Service of Serbia, database for Novi Sad (Location in Serbia, Rimski sancevi) [18] . Table 2 shows the monthly heating energy values for the year 2013. The annual heating energy consumption per m 2 of floor area was 99 kWh/m 2 a, which is relatively high for an office building. The highest heating demand was recorded in January, 34 kWh/m 2 per month, when the average outdoor temperature was 2.5 °C, yet during March only 12 kWh/m 2 per month while the average outdoor temperature was 5 °C. Unfortunately, precise comparison of the energy expenses and the simulated values could not be compared precisely due to: unknown building operation, manual heating system operation, and manually controlled natural ventilation.
Considering the monthly electricity expenses, tab. 3, for cooling, lighting and equipment energy consumption cannot be determined since monthly expenses are issued in total. Therefore, the precise separate consumption of consumers is unknown. Another prob- lem occurs considering the determination of relational values among these three loads, since the following data are unknown: precise occupancy schedules and intensity, cooling system operation (operated manually), cooling intensity (operated manually), lighting schedules and intensity (operated manually), and electric equipment (operated manually). Table 3 . Monthly electricity consumption for 2013
Modelling and simulation
The BIM programs and simulation engines
According to the investigation phases and complexity of the model and simulation processes, five programs were applied for this study as presented in fig. 2 .
Modelling methodology
The research presents a parametric study of an office building, B + Gf + 9 level located in Novi Sad, Serbia. A multi-zone thermal model was constructed in order to determine the heating and cooling loads. Each thermal zone was assigned with internal load properties typical for a large office building. The thermal zones were formed and named according to their function and position in the building. Zone-temperature set points were included and ideal air loads were assigned for the multi-zone building model. The HVAC system was not simulated in this investigation, while the aim was to determine the amount of heating and cooling energy requirements for preferable microclimatic conditions. The energy performance improvement is explored through the following steps, fig. 3 . Monitored and simulated results are analysed and compared in terms of annual energy demands. Since the building was constructed in the 1960's of the last century no data was available for the mechanical system. The inefficiency of the system is demonstrated through the recorded data from the sub-station. Therefore, the annual heating and cooling energy requirements are calculated for an ideal air load environment with improved building envelope. The monitored and simulated results are compared in terms of energy specific intensity [kWh] and [kWhm -2 ] .
Daylight simulation and WWR
In the 1 st phase of the daylight simulation a single 3-D building level was modelled in Autodesk revit architecture, as shown in fig. 4 . Three models were created with WWR values of 50%, 30%, and 20%. Table 4 shows the adopted window surface, dimensions, and WWR. In the 2 nd phase the 3-D Revit building model was converted into geometry analysis data with .dxl extension and it was imported into Ecotect Analysis. Data of location, orientation, and climate were imported and building material properties were assigned to the 3-D geometry analysis model. The lighting intensity assessment was conducted via the advanced simulation method for detailed analysis. Model properties and lighting environment were set-up in radiance control panel (CP). Numerous simulations were run according to the orientation, sky condition, date, and time. The simulation was performed for the mean period of three months: January, March, and September due to three main sky condition scenarios in radiance CP. Sky conditions required parameters for cloudy sky (January), intermediate sky (March), and sunny sky (September). The simulation was conducted within intervals of 4 hours for weekdays to determine the daylight intensity in offices at 8.00, 12.00, and 16.00 hours. The WWR analysis was performed in accordance with visual comfort/lighting intensity boundaries in office buildings.
Visual comfort is satisfied if the lighting intensity holds a constant value between 350 and 500 lx throughout the occupied working schedule, which in this study is set from 8.00 to 16.00 hours. The lighting quality is demonstrated through daylight intensity analysis, where the illumination scale was set from 0-1000 lx. Only selected south camera views and illumination intensity dispersion outputs are presented in tab. 5.
Window frames were disregarded in this simulation. All simulation outputs as camera views of office interior daylight were comparatively analysed and the 30% WWR had shown the best dispersion performance. In correlation with its luminance performance, the demand for heating and cooling energy compared with the base case presents an effective solution. The base case 50% WWR had in most orientations higher interior lighting intensity than the upper limit of 500 lx which is inadequate for a working environment. Finally, the 20% WWR presented a lighting intensity lower than the demanded 350 lx in most of the simulated orientations.
Building construction properties and internal energy loads
Building envelope improvement and optional window application
The building envelope construction was improved in order to reduce the heat transfer coefficient, U-value. The U-value of the existing office building's exterior walls is 2.32 W/m 2 K, since the walls are constructed from 25 cm clay brick, without insulation layer. Furthermore, it was recorded that the existing total 37.5% glazing also has a high U-value, 5.89 W/m 2 K. The modified exterior wall construction compared to the existing is presented in tab. 6. Table 7 shows the existing glazing properties and three new window types which were applied in simulation [25] .
For the existing building envelope, the WWR is 37.5%. The simulations were performed for the modified building envelope where offices have 30% transparent surface; exceptions are corner offices with two orientations where the 30% glazing was applied for only one orientation; south and north oriented exterior walls were left without glazing, fig. 5 . The total WWR for the building is 15.43%, as shown in fig. 5 . 
Internal energy loads
Internal energy loads are heat gains from various sources in the building, such as occupants, electric lighting, and electric equipment. Occupant loads were assigned according to the human metabolic rate which is defined by the activity. In office buildings occupant activity is majorly sedentary where the metabolic rate is equal to 1.2 met (69.87 W/m 2 ), thus, a normal person will have the heat loss of approximately 120 W. The number of occupants and internal gains were implemented in the energy simulation set-up by the next steps: expected number of occupants -possibility analysis, occupied office areas, and unoccupied areas were calculated.
The expected number of occupants on building levels is shown in tab. [26, 27] . The specified electric equipment energy requirements were imported as a default value from the BLC library, 5.812514 W/m 2 . Light definitions were imported identically from the BLC library in Open studio as [26, 27] . The energy demand of electric lights was 9.687519 W/m 2 .
ASHRAE_189.1-2009 Climate Zone 1-3 Large Office Whole Building Lights Definition
Energy performance comparison of scenarios and air-ventilation energy demand according to EN 15251
Energy performance comparison and evaluation without air preparation energy demand
Simulations were performed over a period of one year, i. e. 8760 hours, with hourly time steps. The obtained results for the heating energy loads were compared with the heating energy amount from the energy expenses, collected for the previous year. The simulated results present a drastic reduction of energy requirements for annual heating energy. The annual heating and cooling loads are presented and compared between three modified GT with identical 15.43% WWR, and the existing glazing, as shown previously in tab. 7 . Findings indicate that the heating load can be reduced drastically, as shown in tab. 9.
Table 9. Simulated and monitored annual heating and cooling loads for GT
The simulated results in case of GT 2 presented the highest energy demand for heating and also the lowest energy demand for cooling. The total annual energy demand for both heating and cooling was recorded for GT 2, 49.6 kWh/m 2 a, which is 25.4% lower than the annual demand for GT 1 and 21.5 % lower than the demand for GT 3. When compared to the annual heating energy expenses from 2013 the heating demand for GT 2 resulted with a 91.3% decrement per square meter.
The annual heating, cooling, and total energy demand for the three simulated GT is presented in fig. 6 . In fig. 7 monthly energy demands are shown for heating, cooling lighting, and equipment. The high cooling demand and low heating demand results from the significantly high internal heat gain in the office building. Specific internal loads were modelled in EnergyPlus for 160 occupants, electric equipment and lights. Results indicated a significant influence of the SHGC parameter on the energy demand, since glazing with the lowest SHGC factor (GT 2 with 0.36) presented the lowest annual energy demand. According to the European Standard EN 15251 Annex B; Basis for the criteria for indoor air quality and ventilation rates; Recommended design ventilation rates in non-residential buildings [28] , the energy amount for air preparation was determined before entering the building's ventilation system. 
Figure 7. Monthly energy demand
The total ventilation rate for a space was calculated by the eq. (1):
where [28] . The people dependant air ventilation amount and area dependant air ventilation amount per m 2 was calculated for category II of recommended ventilation rates for non-residential buildings with default occupant density. Table 10 presents the annual energy amount for people dependant air ventilation amount where the calculated result is 25517 kWh if the ventilation is turned on for 8 hours daily. Significant energy requirement above 4 MWh was recorded for the three coldest months of the year; November, December, and January. Table 11 presents the area dependant air ventilation amount where the calculated result is 19138 kWh if the ventilation is turned on for 8 hours per day. Significant energy requirement above 3 MWh was recorded for the three coldest months of the year; November, December, and January. In order to reduce the demands even further a heat exchanger can be added to the supply system. Depending from the efficiency of the heat exchanger demands can be reduced, especially for the cooling season. The heat exchanger application will be part of further researches.
Conclusions
This investigation presented a case study of the building envelope's significance on the decrement of annual heating and cooling energy demand. The WWR can be analysed from the aspect of illumination intensity distribution in the function of window surface decrement. The WWR per single office was decreased from 50% to 30% per single orientation, which resulted in 15.32% as the final glazing decrement of the building envelope. The simulations have shown the importance of SHGC coefficient's influence on the energy demand, due to significantly high internal loads. The findings have presented a decrement of one quarter,
Mon.
No. people 25.42%, of annual heating demand, if the windows' U-value is reduced from 1.18 W/m 2 K to 1.13 W/m 2 K and SHGC coefficient from 0.62 to 0.36. The total annual energy demand for both heating and cooling was recorded for GT 2, 49.6 kWh/m 2 a, which is 25.4% lower than the annual demand for GT 1 and 21.5% lower than the demand for GT 3. Findings have underlined the significance of the SHGC coefficient's influence of windows on the annual energy performance. The total energy requirement for heating and cooling with the modified envelope construction and glazing is 214948 kWh/a where the energy demand per m 2 is 62.6 kWh/m 2 a. If compared to the reference office-tower building's heating demand from the expenses which equal 338788 MWh/a, 98.77 kWh/m 2 a the modified building has 81% lower annual energy demand for heating of only 63577 kWh/a, 18.53 kWh/m 2 a. The applied methodology outlines the significance of building energy performance simulation which should be conducted in the 1 st stages of a developing project. The same method can be applied for further investigation although the climate parameters and internal loads are variable. Further investigation directions considering building envelope construction refer to the analysis of window geometry, WWR with 5% steps and exterior wall insulation properties. The heat exchanger application will be part of further researches, respectively, in order to analyse and evaluate its efficiency on the reference office-tower building. Thermal comfort parameters have an important role in further directions of investigation. Future goals will be developed in the direction of comfort analysis to optimize annual building energy performance in the function of microclimatic conditions.
